Abstract. St. Louis encephalitis (SLE) and West Nile (WN) flaviviruses are genetically closely related and cocirculate in the United States. Virus neutralization tests provide the most specific means for serodiagnosis of infections with these viruses. However, use of wild-type SLE and WN viral strains for laboratory testing is constrained by the biocontainment requirements. We constructed two highly attenuated yellow fever (YF) virus chimeras that contain the premembrane-envelope (prM-E) protein genes from the virulent MSI-7 (isolated in the United States) or the naturally attenuated CorAn9124 (Argentina) SLE strains. The YF/SLE (CorAn version) virus and the previously constructed YF/WN chimera were shown to specifically distinguish between confirmed human SLE and WN cases in a virus neutralization test using patient sera. These chimeras have the potential for use as diagnostic reagents and vaccines against SLE and WN.
INTRODUCTION

St. Louis encephalitis (SLE) virus is endemic in the United
States and causes sporadic outbreaks of human disease in Texas, Florida, the Ohio-Mississippi Basin, and California. 1 It is also endemic in Central and South America. This virus is closely related genetically to West Nile (WN) virus, which was introduced recently into the United States and has affected the majority of the lower 48 states (www.cdc.gov/ncidod/ dvbid/westnile/surv&control03Maps.htm). 2 Both viruses are transmitted by mosquitoes (primarily Culex pipiens complex) and can cause central nervous system infection and encephalitis in humans. The WN virus, but not SLE virus, affects horses. These two viruses belong to the Japanese encephalitis (JE) serocomplex of the Flaviviridae, a family of small enveloped plus-strand RNA viruses, many of which are significant human pathogens. The flavivirus particle contains a nucleocapsid composed of viral RNA and capsid protein C, surrounded by a lipid bilayer in which the envelope proteins E and M are embedded. The genomic RNA is approximately 11,000 nucleotides in length. It encodes a single polyprotein precursor that contains viral proteins in the order C-prM-E-NS1-NS2A-NS2B-NS3-NS4A-2K-NS4B-NS5 and is cleaved into individual proteins by viral and cellular proteases. The first three proteins are the structural components of the virion (prM is a precursor for M), and the nonstructural proteins NS1 through NS5 are required for virus replication in the cytoplasm of infected cells. 3 Members of the JE serocomplex can be distinguished by the neutralization test that is the most specific serologic test to retrospectively diagnose and confirm human cases and infections in avians. 1 Since both SLE and WN viruses are Biosafety level 3 (BSL-3) agents, there is considerable practical difficulty in performing neutralization assays, which require infectious virus, for diagnostic and epidemiologic purposes due to biocontainment constraints. We have used our proprietary ChimeriVax technology to engineer attenuated chimeric viruses that can be safely used in the neutralization test under BSL-2 containment and laboratory practices. [4] [5] [6] [7] [8] [9] [10] The technology uses the yellow fever (YF) 17D vaccine virus as a vector in which the prM-E envelope protein genes are replaced with those from a heterologous flavivirus resulting in a chimeric virus with antigenic specificity of the envelope of the heterologous virus. A YF/WN chimera (ChimeriVax-WN) has been constructed previously. 5 Here we describe the construction of two YF/SLE chimeras encoding the prM-E genes of SLE viruses that are genetically and biologically distinct. The YF/SLE viruses were constructed using the prM-E envelope protein genes from either the virulent MSI-7 (isolated in the United States) or naturally attenuated CorAn9124 (isolated in Argentina) wild-type SLE virus strains. The virulence differences between these SLE virus strains have been previously described. 11 In addition to their potential as diagnostic reagents, the YF/SLE chimeras are considered candidate vaccines for SLE.
MATERIALS AND METHODS
Viruses.
Two parental low-passage SLE virus strains, MSI-7 and CorAn9124, were obtained from the Division of Vector-Borne Infectious Diseases, Centers for Disease Control and Prevention (CDC) (Fort Collins, CO) as clarified homogenates of infected suckling mouse brain. For experiments in mice, the viruses were expanded in Vero cells at 37°C, in an atmosphere of 5% CO 2 in minimal essential medium (Gibco, Grand Island, NY) supplemented with Lglutamine, non-essential amino acids, penicillin/streptomycin, and 10% heat-inactivated fetal bovine serum (HyClone, Logan, UT). Plaque assays of virus potency were performed using a single methyl cellulose overlay method. Both viruses formed plaques visualized by crystal violet staining on days 5-6 postinfection, and produced titers of approximately 5 and 6 log 10 plaque-forming units (pfu)/mL for CorAn9124 and MSI-7, respectively. The passage 2 (Vero-P2) viruses were used in mouse experiments such that they were at the same passage level as the used stocks of chimeras (during passages of the wild-type viruses up to Vero-P5, no evidence of adaptation was noticed, as judged by the appearance of a cytopathic effect (CPE), plaque morphology, and titers of harvests). The YF 17D virus was directly reconstituted from commercial vaccine vials (YF-VAX; Aventis Pasteur, Swiftwater, PA). The YF/WN chimera was previously produced. 5 Wildtype WN and SLE virus strains used at CDC for plaque reduction neutralization tests (PRNTs) of patient sera were Eg101 and TBH-28, respectively, 2,12 which are routinely used for this purpose.
Construction of chimeras. The prM-E genes (plus short flanking stretches) of the MSI-7 and CorAn9124 parents were sequenced by the consensus method using RNA extracted directly from the original infected mouse brain tissue. 7, 13 The first-strand cDNA used for sequencing was also used as the template for polymerase chain reaction amplification of specific regions of SLE virus for construction of plasmids shown in Figure 1B . Plasmids p5Ј3Ј/SLE/CO and p5Ј3Ј/SLE/MSI (the CorAn9124 and MSI-7 versions, respectively) were constructed by replacing the dengue 3 (DEN 3) virus-specific part in 5Ј3Ј/Den3/⌬Xho, 7 with an SLE-specific fragment containing the prM gene and the first 552 nucleotides of the E gene, ending with an artificially introduced Bss HII site necessary for in vitro ligation. The Bss HII site does not change the amino acid sequence of the E protein.
In the process, an extra Xho I site present at nucleotide 259 of the CorAn9124 prM gene was ablated by silent oligonucleotide-directed mutagenesis. Plasmids pCL/E/CO and pCL/E/MSI (the CorAn9124 and MSI-7 versions, respectively) were obtained by cloning the 3Ј portion of the SLE virus E gene in a modified low-copy number vector pCL1921 (pCL/MCS). They contain a corresponding strain-specific Bss HII-Nar I fragment encompassing the last 1,011 nucleotides of the E gene. The artificial Nar I site at the end of the gene results in a Q to G amino acid change at the penultimate residue of the E protein (as in most other previously constructed chimeras). [5] [6] [7] [8] 14 These plasmids were grown in MC1061 recA − (a gift from T. Chambers, St. Louis University School of Medicine, St. Louis, MO) or Sure cells (Stratagene, Cedar Creek, TX). Several clones of each plasmid were sequenced to find ones representing the consensus sequence of each SLE virus strain. To generate a DNA template for in vitro transcription, three-fragment ligation was done as shown in Figure 1B and previously described for ChimeriVax-DEN1 and -DEN3. 7, 8 The Bss HII-Nar I fragment of pCL/E/CO (or MSI) and the Nar I-Bsp EI fragment from the YFM5.2/SA14-14-2 plasmid, which contained most of the YF virus-specific NS genes, 14 were ligated with the large Bss HII-Bsp EI portion of the p5Ј3Ј/SLE/CO (or MSI) plasmid. Ligation products were linearized with Xho I, extracted with phenol-chloroform, and then used for in vitro transcription with SP6 RNA polymerase. The YF/SLE chimeras (YF/CorAn and YF/MSI) were produced by Lipofectin-mediated transfection of Vero cells with the in vitro RNA transcripts. The prM-E regions of both chimeras were sequenced at the P2 level, and no unexpected mutations were observed.
Mouse experiments, statistical analyses, and PRNTs. The maintenance and care of mice was in compliance with the National Institutes of Health guidelines for the humane use of laboratory animals. All experiments were done in 3-4-weekold outbred female ICR mice (Taconic, Germantown, NY). In neurovirulence experiments, mice were inoculated by the intracerebral (IC) route with 30-L volumes containing indicated doses of infectious viruses. To characterize neuroinvasiveness of the viruses, mice were inoculated by the subcutaneous (SC) or intraperitoneal (IP) routes with 100 L doses of virus suspension. Animals were observed for 21 days and deaths were recorded. Moribund animals were killed with CO 2 . Statistical comparisons of mortality between indicated groups of mice were performed using the Survival platform (Kaplan-Meier method, log-rank test), JMP version 4 statistical software package (SAS Institute, Cary, NC), which compares mortality based on the time of death of each animal. To determine virus-specific neutralizing antibody titers in indicated sera, two standard versions of the PRNT with 50% (PRNT 50 used at Acambis) or 90% (PRNT 90 used at CDC) end points were performed in Vero cells essentially as described using methyl cellulose overlay and staining of plaques with crystal violet, and 0.5% agarose double overlay and staining with neutral red, respectively. 9, 15, 16 Patient sera. Serum specimens were obtained from the historical collection of the Division of Vector-Borne Infectious Diseases of CDC, which consisted of specimens sent to this division for arboviral diagnostic testing. Sera were selected on the basis of positive results to either WN virus or SLE virus infection, or YF vaccination in previously performed serologic tests.
RESULTS
Consensus sequences of the prM-E region of the wild-type SLE virus parents.
The nucleotide sequences of the viruses were determined using RNA extracted from the virus- infected mouse brain received from the CDC. The resulting nucleotide sequences for the viruses are available from GenBank (accession numbers AY289617 and AY289618 for CorAn9124 and MSI-7 strains, respectively). The CorAn9124 sequence coincided with the reported sequence of the E gene for this strain (Kramer LD and Chandler LJ, GenBank accession number AF205473). The MSI-7 sequence differed at 23 positions when compared with the previously reported nucleotide sequence (Table 1) . 17 Most differences were silent nucleotide heterogeneities. Seven nucleotide heterogeneities resulted in amino acid heterogeneities. A few differences were clear nucleotide changes. Most likely, these differences were due to the fact that the previously reported sequence was determined on virus propagated in SW-13 cells, which was plaque purified, using cloned cDNA, rather than on a heterogenous virus population. To verify the precise location of the E protein genes, we aligned the SLE virus sequences with other flaviviruses and found that the N terminus of prM should be two residues downstream from the previously predicted N terminus, 17 following the Ser-Ser residues ( Figure  1A) . The difference between the early published alignment and our alignment is obviously due to the use of different algorithms. Both Clustal ( Figure 1A ) and Jotun Hein methods invariably positioned the N terminus of SLE virus as shown in Figure 1A , regardless of alignment parameters (different residue weight tables). However, the positions of gaps in the upstream signal peptide differed depending on the method and on which viruses were included into alignment, indicating that precise alignment of hydrophobic stretches is difficult.
Construction of YF/SLE virus chimeras. Two chimeras, YF/CorAn and YF/MSI, which contained the envelopes of the CorAn9124 and MSI-7 SLE virus strains, respectively, were produced by three-fragment ligation as shown in Figure  1B . This strategy overcomes difficulties sometimes associated with the standard two-fragment strategy because of the toxicity for Escherichia coli of one of the used plasmids (of the YFM5.2 series containing both intermediate fragments in Figure 1B as one fragment) as we previously described for ChimeriVax-DEN1 and DEN3. 7, 8 Although we were able to also generate the YF/MSI chimera using the two-fragment approach, attempts to clone a CorAn9124-specific YFM5.2 plasmid analog failed. Following transfection of cells with in vitro RNA transcripts the two chimeras were recovered. These viruses grew to high titers of ∼7 and 8 log 10 pfu/mL for YF/CorAn and YF/MSI (∼100 times higher compared with the wild-type parents), respectively, produced a CPE, and formed distinct plaques in Vero cells. The CPE caused by the chimeras was more pronounced compared with the wild-type parents, possibly due to their high level of replication.
Attenuation of YF/SLE virus chimeras in mice. Neurovirulence of the two chimeras was compared in two experiments with that of the wild-type parental SLE viruses and YF 17D in 3-4-week-old outbred mice by the IC inoculation of graded doses of the viruses ( Table 2 ). The wild-type CorAn9124 virus was highly neurovirulent, with the mortality rate of 87.5-100% across all doses of virus tested (10-10 5 pfu/dose) and a short average survival time (AST) ranging from 6.7 to 9.3 days. Mortality observed at the lowest dose was higher than 50%, therefore, the IC median lethal dose (LD 50 ) could not be precisely calculated, but was less than 1 log 10 pfu. Neurovirulence of YF 17D virus was also high with an IC LD 50 of 1.65 log 10 pfu, which is similar to the value determined previously, 6 but lower than that of wild-type CorAn9124. The AST of mice inoculated with YF 17D was 1.1-3.4 days longer compared with corresponding dose groups that received wildtype CorAn9124. The YF/CorAn chimera was highly attenuated as compared with both its SLE and YF 17D parents. Mortality ratios caused by this chimera did not exceed 25% for any of the tested doses (up to 5 log 10 pfu). Thus, the IC LD 50 of the chimera is > 5 log 10 pfu. The AST of the few non-survivors observed after inoculation of the chimera was dramatically increased by 6.6-10.8 days compared with the corresponding doses of YF 17D, and by more than that (9-10.8 days) compared with wild-type CorAn9124 virus. The difference in mortality caused by YF/CorAn was statistically significant (Table 2 ) when compared with the same doses of YF 17D (except for the 10 1 dose, which is irrelevant because mortality caused by YF 17D at this dose was low), and wild type CorAn9124 virus.
Experiments with the wild-type SLE strain MSI-7 demonstrated that the virus was highly neurovirulent ( Table 2 ). The IC LD 50 was 0.55 pfu, and the AST was shorter than that of CorAn9124. The YF/MSI chimera had a significantly higher IC LD 50 of 2.74 log 10 pfu (550 pfu), and appeared to be more attenuated than YF 17D, but less attenuated than YF/CorAn. For YF/MSI, the difference in mortality was statistically significant when compared with wild-type MSI-7, but not YF 17D ( Table 2) .
The ability of the parental viruses and chimeras to cause encephalitis following peripheral inoculation of 3−4-week-old mice (SC and/or IP) was examined (Table 3) . Both the wildtype CorAn9124 parent and the YF/CorAn chimera, as well as YF 17D, were avirulent after SC (and IP for CorAn9124) 
* Nucleotide differences resulting in amino acids differences are in bold. "/" ‫ס‬ heterogeneous nucleotides; small letters ‫ס‬ minority nucleotide subpopulation.
† Nucleotide numbering from the beginning of prM according to alignment in Figure 1A . ‡ C ‫ס‬ capsid; M ‫ס‬ membrane; NS ‫ס‬ nonstructural.
inoculation of all tested doses. We did not additionally examine the IP route for the YF 17D and YF/CorAn viruses because many previous studies have established the lack of neuroinvasiveness of adult mice by YF 17D after IP inoculation, 18, 19 and because the CorAn9124 parent caused no mortality by this route. Testing of virulence of the YF/CorAn virus (selected for use as a diagnostic reagent) by the olfactory or pulmonary routes was unnecessary since it was significantly less virulent than a licensed human vaccine (YF 17D) when inoculated directly into the brain and because its wildtype parent is known to be naturally attenuated for mice and primates. 11 Similarly, the YF/MSI chimera was avirulent at the tested IP dose of 2.6 × 10 7 pfu (undiluted virus stock). In contrast, the wild-type MSI-7 virus caused partial mortality at IP doses as low as 20 pfu.
To obtain preliminary evidence of immunogenicity of the YF/SLE chimeras, some of the groups of mice from the neuroinvasiveness experiment (Table 3) were challenged at 4.5 weeks following the first inoculation by the IC route with 4,000 pfu of the highly virulent wild-type MSI-7 virus (a very high dose compared with previous studies). 20, 21 Mice initially inoculated (immunized) with YF/CorAn at SC doses of 8 × 10 5 and 1 × 10 4 pfu were partially resistant to challenge (two of eight and two of seven challenged animals survived, respectively). Eighty percent (four of five) of mice immunized IP with 2.6 × 10 7 pfu of the YF/MSI chimera survived, while all five sham-immunized control animals died. Pooled (within groups) sera from immunized mice and post-challenge survivors contained detectable SLE virus-specific neutralizing antibodies (PRNT 50 titers of up to 1:32 and 1:128, respectively). Both YF/CorAn and YF/MSI chimeras appeared to be equally well neutralized by the mouse sera against either vi- rus, indicating that each of them can be used to diagnose infections by geographically distant SLE strains. YF/SLE and YF/WN chimeras as reagents for specific serodiagnosis of human SLE and WN cases. Patient sera from serologically confirmed WN, SLE, and YF cases (five, five, and two cases, respectively) were tested for virus neutralizing activity against the YF/WN and YF/CorAn chimeras, wildtype WN and SLE viruses (strains Eg101 and TBH-28, respectively), and YF 17D in a standard PRNT 90 test performed at CDC (Table 4) . Although the PRNT 90 titers were generally lower (up to four times) for the chimeric viruses than the wild-type viruses, they more specifically distinguished between WN fever and SLE cases. The YF 17D control was specifically neutralized by the sera from YF cases only.
DISCUSSION
In this study, we constructed two different YF/SLE chimeras (YF/MSI and YF/CorAn) that contained the prM-E genes from wild-type SLE virus strains isolated from natural hosts in the United States (MSI-7) and Argentina (CorAn9124). The two donor strains were chosen because we were not certain whether both envelopes would be equally efficient in diagnosis of (and protection from) infections by geographically distant SLE virus strains, and because we wished to elucidate in future studies the molecular basis for differences in virulence between the donor strains and chimeras derived therefrom. The MSI-7 strain was shown to be highly virulent for infant mice by both IC and IP routes, and highly virulent for rhesus monkeys after IC inoculation. In contrast, the CorAn9124 strain is naturally attenuated. It is highly neurovirulent but, unlike MSI-7, it is not neuroinvasive in infant mice, and avirulent by the IC route in rhesus monkeys.
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Although the main focus of this study was the development of diagnostic reagent, additional molecular aspects were addressed.
Prior to construction of the chimeras, we determined the consensus sequence of the prM-E region (plus short flanking stretches) of the parental MSI-7 and CorAn9124 SLE strains.
We found 15 amino acid differences between these strains: seven in the prM protein of which two were in the M portion, and eight in the E protein (see GenBank AY289617 and AY289618). The two strains differed in terms of their growth properties in Vero cells (higher peak titers for MSI-7 compared with CorAn9124), which correlated with those of the chimeras (higher peak titers for YF/MSI compared with YF/ CorAn). In addition the YF/MSI chimera was more neurovirulent in mice than YF/CorAn. Therefore it is likely that some of the amino acid differences are determinants of the unequal virulence profiles of these strains. Of the eight amino acid differences in the E protein, the most intriguing is an Ala residue at E-316 in MSI-7, at which CorAn9124 contains Thr. Wild-type JE and WN viruses also contain Ala at this position, while the attenuated JE SA14-14-2 vaccine virus contains Val (residue E-315 in these viruses). 10, 22 The E-316 Ala residue in MSI-7 could be an important factor contributing to the high virulence of this strain. Wild-type JE and the SA14-14-2 viruses differ at 10 amino acids in the E protein. Of these, most wild-type JE virus-specific residues were also found in wild-type WN virus. 10 After the YF/WN chimera was initially constructed, it was further attenuated by replacing some of these amino acids in the chimera with SA14-14-2 specific residues resulting in the ChimeriVax-WN vaccine candidate. 5 If necessary, the same approach could be used to further attenuate the YF/SLE chimeras because both the MSI and CorAn variants contain six of the 10 residues coinciding with wildtype JE virus and three more that differ from both wild-type JE and SA14-14-2 viruses. We also aligned our MSI-7 and CorAn9124 sequences with complete or partial prM-E protein sequences of 21 other SLE viral strains available from GenBank representing both high and low virulence strains, 11 and found no common residues that could be responsible for the high and low virulence profiles. By aligning the SLE virus sequences with those of other flaviviruses, we more precisely determined the start site of the prM protein compared with that previously predicted for MSI-7 17 ( Figure 1A ). According to our data, the signalase cleavage resulting in the N terminus of prM should occur after the Leu-Ala-Ser-Ser stretch, two residues downstream from the previously proposed cleavage site.
The two YF/SLE chimeras were produced by the recently developed three-fragment ligation method, 7, 8 and we were able to also produce the YF/MSI version by the standard two-fragment ligation method (see Results). In both chimeras, the C YF /prM SLE junction was in accordance with our alignment ( Figure 1A) , with the prM sequence starting with Leu-Gln-Leu. We attempted to produce a YF/MSI chimera using the previously predicted N-terminus of prM (Ser-SerLeu-Gln-Leu). If such a chimera were non-viable, this would constitute experimental proof of the correctness of our alignment. Another possibility was that such a chimera would be viable, but defective in its replication due to a less efficient signalase cleavage at the junction, which could be a promising approach for stable flavivirus attenuation. Surprisingly, the Ser-Ser chimera was viable and did not differ in plaque morphology and the rate of replication in cell culture. It was not significantly attenuated in mice as examined by the IC route compared with the Leu-Gln-Leu version. Thus, the presence of the extra Ser-Ser residues at the C YF /prM SLE junction did not affect virus growth demonstrating high structural flexibility of the signalase cleavage site. However, this result could not serve as experimental proof of the correctness of our alignment.
Both chimeras were attenuated compared with the parental SLE viral strains in a sensitive mouse neurovirulence test, as shown by higher survival rates and longer AST of animals following IC inoculation. This was an expected effect of chimerization with YF 17D, since the chimerization process is inherently attenuating. 4 The YF/CorAn chimera was less neurovirulent than YF/MSI, which correlated with the unequal virulence profiles of the CorAn9124 and MSI-7 viruses in our studies and those previously described for these viruses. 11 Thus, strain-specific determinants in the envelope play a role as was noted previously for some other YF 17D chimeras. 14 Judged by the IC LD 50 values, the YF/CorAn chimera is > 10,000 and > 2,222 times less neurovirulent than wild-type CorAn9124 and YF 17D, respectively; the YF/MSI chimera is 1,000 and 13.75 times less neurovirulent than MSI-7 and YF 17D, respectively. Undoubtedly, each of these viruses can replicate efficiently in the brain, but with less severe symptoms in the case of chimeras. The ChimeriVax-JE vaccine virus grew to more than 6 log 10 pfu/gram of mouse brain tissue without causing disease. 6 The chimerization also ablated the ability of the highly neuroinvasive MSI-7 virus to cause encephalitis following peripheral inoculation. The YF/ MSI chimera caused no mortality following IP inoculation of 2.6 × 10 7 pfu/mouse. In contrast, the MSI-7 virus was partially lethal at IP doses as low as 20 pfu. A similar effect of chimerization with a non-encephalitogenic DEN 4 virus on neuroinvasiveness of tick-borne encephalitis virus has been documented. 23 As expected, the CorAn9124 parent and thus the YF/CorAn chimera, as well as YF 17D virus, were avirulent after peripheral inoculation. Based on these data, the YF/ CorAn chimera (but not YF/MSI) was downgraded to a BSL-2 level by the Acambis Institutional Biosafety Committee, according to current guidelines, and the data were reviewed and approved by CDC. The genetic stability and maintenance of the highly attenuated phenotype of YF 17D-based chimeras during prolonged propagation in cell culture has been demonstrated for ChimeriVax vaccines. [4] [5] [6] [7] [8] [9] [10] For serodiagnosis, working stocks of YF/CorAn will be made from seed virus distributed by CDC, and will be no more than two passages away from the seed virus to preserve the attenuated phenotype.
Definitive serologic diagnosis of WN virus or SLE virus infection depends on the use of the neutralization test. While flavivirus-specific IgG is highly cross-reactive in the hemagglutination-inhibition test and enzyme-linked immunosorbent assays (ELISAs), the IgM ELISA is more specific and can be used for rapid serodiagnosis. However, the specificity of the IgM-based ELISA remains a problem for closely related flaviviruses. 24 The cross-reactions between the two endemic flaviviruses causing encephalitis in the United States (SLE and WN viruses) are problematic. Diagnosis by virus isolation or detection and identification of viral genomes by a reverse transcriptase−polymerase chain reaction can provide a specific diagnosis. However, the latter methods are severely limited by the short duration of post-infection viremia, which generally occurs before onset of clinical signs.
As a proof of principle, in this study we used PRNTs to demonstrate that sera from small cohorts of confirmed clinical cases of WN and SLE could be serologically differentiated using the YF/SLE (the CorAn version) and YF/WN (ChimeriVax-WN) chimeric viruses (Table 4) . Data for larger groups of cases will be accumulated and reported elsewhere. These chimeras can be safely handled at the BSL-2 level. Currently, they are being distributed to State Health Department Laboratories and others engaged in diagnosis and epidemiologic surveillance of WN and SLE. Our preliminary data also indicate that the constructed YF/SLE chimeras have vaccine potential. If a vaccine against SLE becomes a necessity, the development of these chimeras as vaccine candidates will be continued. 
